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This study was undertaken to identify metabolites of the side chain metabolism of 2-(2,4,5-trichlorophenoxy) propionic 
acid (2,4,5-TP) in leaf and fruit tissues of Packham's Triumph pear trees by means of paper and thin-layer chromato-
graphy. The following compounds were postulated as possible metabolites: 2,4,5-trichlorophenoxyacetic acid (2,4,5-
T), 2,4,5-trichlorophenol, 2,4,5-trichloroethoxybenzene and 2,4,5-trichloroanisole. The latter two compounds were 
not commercially available as standards and were thus synthesized from 2,4,5-trichlorophenol. Leaf and fruit extracts 
containing radioactive metabolites of 2,4,5-TP were obtained by incubating leaf discs and fruit slices with ring-labelled 
14C-2,4,5-TP. Chromatographic analyses of the extracts did not reveal any of the postulated compounds. However, 
the possibility that 2,4,5-trichlorophenol may exist as an intermediate that is immediately transformed into a glycoside 
or ester, cannot be excluded. 
Tydens hierdie studie is gepoog om metaboliete van die sykettingmetabolisme van 2-(2,4,5-trichlorofenoksi) pro-
pioonsuur (2,4,5-TP) in blaar- en vrugweefsel van Packham's Triumph-peerbome met behulp van papier- en dun-
laagchromatografie te identifiseer. Die volgende verbindings is as moontlike metaboliete gepostuleer: 2,4,5-
trichlorofenoksiasynsuur (2,4,5-T), 2,4,5-trichlorofenol, 2,4,5-trichloroetoksibenseen en 2,4,5-trichloroanisool. 
Laasgenoemde twee verbindings is met 2,4,5-trichlorofenol as uitgangstof gesintetiseer aangesien hulle nie kom-
mersieel beskikbaar was nie. Blaar- en vrugweefsel van Packham's Triumph-peerbome is met ring-gemerkte 14C_ 
2,4,5-TP ge'inkubeer waarna ekstrakte bevattende radioaktiewe metaboliete van 2,4,5-TP gemaak is. Chromato-
grafiese analise van die ekstrakte het nie een van die gepostuleerde verbindings as metaboliet aangetoon nie. Die 
moontlikheid dat 2,4,5-trichlorofenol wei aanvanklik ontstaan, maar onmiddellik na'n glikosied of ester omvorm word, 
kan egter nie buite rekening gelaat word nie. 
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Introduction 
In a previous study (Watts & de Villiers 1981) it was shown 
that fruit and leaf tissues from Packham's Triumph pear 
trees were able to decarboxylate carboxyl-labelled 2-
(2,4,5-trichlorophenoxy) propionic acid (2,4,5-TP) with 
the accumulation of at least one major chromatographic-
ally separable metabolite (metabolite 'X') and two minor 
metabolites. During this study an attempt was made to ten-
tatively identify some of these metabolites. Only meta-
bolism of the side chain of 2,4,5-TP was considered as it was 
found that pear tissue did not liberate 14C02 from uni-
formly ring-labelled 2,4,5-TP (Watts & de Villiers 1981) . 
Ring hydroxylation and the formation of sugar esters and 
amino acid conjugates are also possible but will be studied 
at a later stage by means of mass spectrometry and acid 
hydrolysis. 
the degradation of the side-chain commenced with a split-
ting of the ether linkage with the formation of 2,4-
dichlorophenol and acetate. Considering these views, the 
hypothetical degradation of the side-chain of 2,4,5-TP may 
proceed as depicted in Figure 1. A direct decarboxylation 
may result in the formation of 2,4,5-trichloroethoxy-
benzene. Splitting of the ether linkage may lead to 2,4,5-
trichlorophenol and a 3-carbon skeleton, probably pro-
panoic acid - the latter then being decarboxylated. 
No information regarding metabolites of 2,4,5-TP in 
higher plants could be found in the literature, but reports 
on the microbial catabolism of 2,4,5-TP may be relevant. 
Bounds & Colmer (1965) found that Streptomyces virido-
chromogenes could split the ether linkage of2,4,5'-TP with 
the formation of 2,4,5-trichlorophenol that was not further 
metabolized. According to Ou & Sikka (1977) a mixed cul-
ture of Pseudomonas and Achromobacter species was able 
to decarboxylate 2,4,5-TP with the formation of 2,4,5-
trichlorophenol. 
Information regarding metabolites of 2,4,5-trichloro-
phenoxyacetic acid (2,4,5-T) and 2,4-dichlorophenoxy-
acetic acid (2,4-D) in higher plants may shed some light on 
the metabolic fate of 2,4,5-TP. According to several 
authors (ChI<anikov et al. 1965; Fitzgerald 1966) 2,4,5-T 
was metabolized to 2,4,5-trichlorophenol by several higher 
plants. Dubovoi et al. (1973) postulated the formation of 
2,4-dichlorophenol from 2,4-D via 2,4-dichloroanisole as 
intermediate. However, the presence of the latter in plants 
is still not documented, and Fleeker (1973) suggested that 
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Figure 1 Proposed pathways for the metabolism of the side-chain of 
2,4,5-TP. 
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Another possibility, with no cue from the literature, was 
also considered, viz. the oxidation of 2,4,5-trichloro-
ethoxybenzene to 2,4,5-T and the decarboxylation of the 
latter to 2,4,5-trichloroanisole. Finally, it must be noted 
that the oxidation of the methyl group on the anisole deri-
vative may lead to the formation of an unstable bicarbonate 
that may spontaneously decarboxylate to 2,4,5-trichloro-
phenol (B.V. Burger, pers. comm.). From this it seems that 
the phenol may be the logical end product, regardless of the 
mechanism of degradation followed. 
It was therefore decided to compare the chromato-
graphic behaviour of 2,4,5-trichlorophenol, 2,4,5-tri-
chloroethoxybenzene, 2,4,5-T and 2,4,5-trichloroanisole 
with that of 2,4,5-TP and its metabolites in the chromato-
graphic system as previously described (Watts & de Villiers 
1981). 
Materials and Methods 
Samples and standards for chromatography 
Leaf discs and fruit slices of Packham's Triumph pears 
(Pyrus communis L.) were incubated with ring-labelled 14C_ 
2,4,5-TP for 48 h after which possible metabolites and re-
maining 2,4,5-TP were extracted. All manipulations were 
described previously (Watts & de Villiers 1981). Zero-time 
controls of leaf and fruit tissues were also prepared, using 
ring-labelled 2,4,5-TP. (UL, 54,39 MBq mmol-1 , Amchem 
Products). 
Two of the postulated metabolites of 2,4,5-TP, viz. 2,4,5-
trichloroethoxybenzene and 2,4,5-trichloroanisole could 
not be obtained and were prepared from 2,4,5-trichloro-
phenol. The method described by Mann & Saunders (1960) 
for the preparation of anisole from phenol was used with 
several modifications. 
Six grams 2,4,5-trichlorophenol and 1,2 g NaOH were 
shaken in 15 cm3 H20 until a clear solution of Na-2 4 5-
trichlorophenolate was obtained. The latter was evapo;a-
ted to dryness at 40°C on a watchglass under a stream of 
cold air. The residue was powdered with a glass rod and 
dried overnight in a vacuum desiccator containing con-
centrated H2S04 and flake NaOH. The powder was then 
dissolved in 15 cm3 absolute methanol with the addition of 8 
cm3 methyl iodide or ethyl iodide (for the anisole and 
ethoxy derivatives respectively) and a few fragments of un-
glazed porcelain. The mixture was boiled gently on a water-
bath under reflux for 1 h. The methanol was distilled off and 
the residual liquid transferred to a separating funnel with 
three 15-cm3 portions of ether. 
The ethereal solution was washed with three volumes of 
10% (m/v) NaOH to remove all traces of unchanged 
phenol and phenolate, followed by three volumes of H20 
to remove all traces of NaOH. The solution was then dried 
overnight with anhydrous Na2S04 and filtered. The ether 
was distilled off and the crystalline residue was re-
crystallized three times from methanol. The purified crys-
tals were dried for 24 h in a vacuum desiccator. The struc-
tures and purity of the two compounds were verified by 
NMR-spectra (proton-type). 
Chromatographic separations 
Samples of each standard, as well as 2,4,5-TP were dis-
solved in methanol (5 mg cm -3) and 50 mm3 of each solu-
tion was applied to Whatman No. 1 paper. Two hundred 
mm3 of the leaf and fruit extracts were alio applied to the 
paper. The chromatographic separation was performed as 
previously described (Watts & de Villiers 1981). The 
chromatogram was divided into a vertical strip for each 
sample and the compound on each strip detected as fol-
lows: 2,4,5-trichlorophenol was detected by dipping the 
appropriate strip in a freshly prepared mixture of equal vol-
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urnes of 0,03% FeCl3 and 0,03% K3Fe(CN)6' the strip then 
being rinsed consecutively with 0,2 mol dm -3 HCl and H20 
and dried at room temperature. The phenol appeared as an 
intense blue spot. 
The strips of paper containing 2,4,5-T and 2,4,5-TP were 
dipped in 2 mol dm -3 HCl, rinsed with water and dried at 
60°C until HCl fumes could no longer be detected. The 
paper was then sprayed with a solution of 0,1 % bromocre-
sol green in ethanol to which 1,0 mol dm -3 NaOH had been 
added until the solution appeared blue-green. (The reagent 
was diluted with four volumes of acetone immediately be-
fore its application.) The acids appeared as yellow spots on 
a green background. 
No satisfactory spray reagent is available for neutral 
compounds such as 2,4,5-trichloroanisole and 2,4,5-
trichloroethoxybenzene. Their chromatogram strips were 
therefore divided into 10 R,regions and each paper seg-
ment was placed in a glass vial containing 5 cm3 methanol. 
The UV-absorption at 212 nm of each eluate was deter-
mined after 15 min. Preliminary tests indicated that these 
compounds migrated with an R f of 0,9-1,0. During a final 
analysis this specific paper segment was again divided into 
four segments and the UV-absorption of each determined 
as for the larger segment. In this way the R,values of the 
two compounds could be determined fairly accurately. 
The positions of radioactive compounds on chromato-
gram strips were determined as previously described 
(Watts & de Villiers 1981). 
The results eliminated 2,4,5-trichloroanisole and 2,4,5-
trichloroethoxybenzene as possible metabolites of 2,4,5-
TP, but as both 2,4,5-T and 2,4,5-trichlorophenol co-
chromatographed with 2,4,5-TP, these compounds may 
have been metabolites. An attempt was therefore made to 
find a suitable solvent to resolve these three compounds. 
From a variety of solvents only butanol:pyridine:H20 
(70:15:15; v/v) resulted in a complete separation on cel-
lulose thin-layer plates. Following development, the 
chromatograms were dried at room temperature and 
sprayed directly with the bromocresol green reagent. 
The results also indicated that none of the selected four 
compounds could be metabolite 'X' - the latter was there-
fore removed from leaf and fruit extracts to prevent any 
interference from it in the interpretation of the final 
chromatograms. Five hundred mm3 of the extracts and 100 
mm3 authentic 2,4,5-TP was chromatographed on paper as 
described above. Regions on the chromatograms cor-
responding to the position of 2,4,5-TP (as visualized by the 
bromocresol green reagent) were cut out and placed in a 
vial containing 5 cm3 ether. The vial was shaken for 5 min, 
the paper strip removed and the ether evaporated. The re-
sidue was dissolved in 0,5 cm3 methanol. 
During the final separation 100 mm3 of the methanolic 
solutions of leaf and fruit extracts (as well as that of the 
zero-time control) and 5 mm3 of the standard solutions 
(2,4,5-T, 2,4,5-TP and 2,4,5-trichlorophenol) were sepa-
rated on thin-layer plates. with the selected solvent as des-
cribed above. The chromatogram was cut into strips cor-
responding to samples. Strips with standards were sprayed 
with the appropriate reagents. Autoradiographs of the 
other strips were obtained using X-ray sensitive Kodak film 
with an exposure of 4 weeks followed by the normal deve-
lopment procedures. 
Results and Discussion 
The NMR-spectra of 2,4,5-trichloroanisole and 2,4,5-
trichloroethoxybenzene confirmed their structures and 
purities (Figure 2). A similar spectrum of 2,4,5-tri-
chlorophenol is included for comparative purposes. 
The paper chromatographic separation of 2,4,5-TP, the 
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Figure 2 NMR-spectra of 2,4,5-trichloroanisole (A), 2,4,5-
trichloroethoxybenzene (8) and 2,4,5-trichlorophenol (C). 
Table 1 Rrvalues of 2,4,5-TP, metabolite 'X' and the pro-
posed metabolites of 2,4,5-TP on paper chromatograms 
Compound 
2,4,5-trichloroethoxybenzene 
2,4,5-trichloroanisole 
2,4,5-trichlorophenol 
2,4,5-T 
2,4,5-TP 
Metabolite 'X' 
lSolvent: Isopropanol :NH40H:H20 (80:10:10; VN) 
0,95-1,0 
0,95-1 ,0 
a 
0,87 J 
0,85 
0,83 
0,6-0,7 b 
a,b: Regions of radioactivity on chromatograms of plant extracts 
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four postulated metabolites and the plant extracts (contain-
ing ring-labelled 14C-2,4,5-TP and radioactive metabolites) 
led to the results in Table 1. According to these results 
metabolite 'X' was not one of the postulated metabolites. 
Due to the absence of radioactivity at R f = 0,95-1,0 the 
anisole and ethoxy derivatives may also be eliminated as 
possible metabolites of 2,4,5-TP. However, the similar 
chromatographic behaviour of 2,4,5-T and 2,4,5-trichloro-
phenol to that of 14C-2,4,5-TP indicates that, if they are in-
deed metabolites, they would be masked by the excess of 
14C-2,4,5-TP. 
The results obtained during the thin-layer separation in-
dicated that 2,4,5-T, 2,4,5-TP and 2,4,5-trichlorophenol 
can be resolved adequately with Rrvalues of 0,70; 0,82 and 
0,96 respectively. Figure 3 represents a diagrammatical 
presentation of auto radiographs of thin-layer chromato-
grams as compared to chromatograms of standards. Puri-
fied methanolic extracts (without metabolite 'X') from 
both leaf and fruit extracts exhibited a single region of 
radioactivity corresponding to that of 14C-2,4,5-TP of the 
zero-time control. 
The absence of radioactivity in the Rrregions of 2,4,5-T 
and 2,4,5-trichlorophenol indicated that these compounds 
were not present in the extracts, at least not in con-
cent#ations high enough to be detected in this way. The ab-
sence of 2,4,5-trichlorophenol in extracts does not prove 
that it was not formed at all, because its transformation to 
an O-glycoside (as occurs in the case of 2,4-D - Feung et 
al. 1978) cannot be excluded. This possibility, as well as ring 
hydroxylation and the formation of amino acid conjugates 
will be considered in a future study. 
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Figure 3 Diagrammatical representation of an autoradiograph (A) 
of a thin-layer chromatogram of plant extracts (without metabolite 
'X') and a thin-layer chromatogram (8) of unlabelled standards. 1. 
Leaf extract ; 2. Fruit extract; 3. Extract of a zero-time control; 4. 
2,4,5-TP; 5. 2,4,5-trichlorophenol; 6. 2,4,5-T. Solvent: butanol: 
pyridine:HzO (70:15:15; VN). 
Conclusions 
It is concluded that the side-chain metabolism of 2,4,5-TP 
does not lead to the formation of simple metabolites as pos-
tulated in this study. It is, however, probable that sec-
ondary reactions like the formation of glycosides (of 2,4,5-
trichlorophenol) and sugar esters (of 2,4,5-TP) may take 
place, leading to more polar compounds with lower Rr 
values like metabolite 'X' . These possibilities, as well as 
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possible modifications of the ring-structure, were, how-
ever, not investigated. 
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